Abstract Objectives-To describe the incidence of Guillain-Barre syndrome in Sweden during the period 1978-93 and its temporal and geographical variations.
(RR) 1*30 (95% CI 1.10-1.54)), and in 1983 (RR 1*24 (95% CI 1.06-1.40)). The incidence increased with age and was bimodal, with peaks at 20-24 and 70-74 years. There was a moderate but significant seasonality with a peak in August, particularly among the young age groups. The age adjusted incidence by county varied from 1-11 to 2*57 per 100 000 personyears. Neither temporal nor spatial clustering was significant, except during the period July-September in 1983 at ages below 40 years. Conclusions-The incidence of GuillainBarre syndrome in Sweden during the period 1978-93 had a magnitude similar to those described in other surveys, a bimodal distribution by age, and modest geographical and temporal variations with significantly high rates in 1978 and 1983 and in autumn. Minor outbreaks might have passed unnoticed up to the present. Whereas reported drug induced cases of Guillain-Barre syndrome may in part explain the high incidence in 1983, the cause of the aberrant incidence in 1978 remains unknown. Epidemiological surveillance of Guillain-Barre syndrome in Sweden might have been useful. (7 Neurol Neurosurg Psychiatry 1997; 62:447-453) Keywords: Guillain-Barre syndrome; incidence; epidemiology
The reported crude incidence figures of Guillain-Barre syndrome ranged from 0-16 to 4-00 per 100 000.1-8 However, the age specific, spatial, and temporal variations of the incidence of the disease are not well known due to difficulties in comparing such rates. This is because (1) they were often based on few cases; (2) their validity may vary because of diverse factors, such as differences in access to medical care, diagnostic traditions, case finding procedures, or diagnostic criteria; and (3) the variation related to specific clinicoepidemiological subgroups9 may be concealed in comparisons of pooled cases of Guillain-Barre syndrome.
Since 1963, diagnoses at discharge from hospitals in different Swedish counties have been compiled at the Hospital Inpatient Register of the National Board of Health and Welfare. The first county which provided such data was Uppsala. Afterwards, progressively more counties contributed with data from all the institutions for somatic and psychiatric care, so that complete information from all counties was 12 Whereas 69 (83%) of 83 registered patients with GuillainBarre syndrome fulfilled the NINCDS criteria for the syndrome, none of 40 randomly selected patients with diagnosis of "unspecific polyneuropathy" fulfilled the NINCDS criteria. 8 The quality of the data and the completeness of ascertainment of incident cases were considered to be good for epidemiological studies on Guillain-Barre syndrome. The aim of the present study was to describe the geographical distribution, seasonal variation, time trends, and age specific and sex specific incidence rates of Guillain-Barre syndrome in Sweden during 1978-93 based on registered data. County  in 1993  1978  1979  1980  1981  1982  1983  1984  1985  1986  1987  Stockholm  1 669 840  36  31  23  36  26  37  31  35  36  31  Uppsala  279 610  8  7  6  12  6  4  14  7  6  7  Sodermanland  257 858  9  3  2  2  4  4  2  2  5  3  Ostergotland  408 268   ---12  5  16  3  6  10  4  Jonkoping  309 867  ----8  8  9  6  2  8  Kronoberg  178 961   ---------3  Kalmar  241 912  9  5  3  7  5  5  1  1  3  9  Gotland  57 578  2  2  6  1  0  4  2  1  0  0  Blekinge  151 266   ------4  1  3  1  Kristianstad  292 993   3  5  3  0   5  4  7  3  0  6   Malmohus   793 696  23  18  16  18  11  19  12  16  13  8   Halland   261 172  2  6  5  0  3  2  4  10  2  2   Goteborgs and Bohus   747 849  12  9  14  12  13  19  11  15  8  15  Alvsborg  455 921  13  5  7  4  12  10  6  11  9  9   Skaraborg   278 860   7  8  2  8  5 Although we used all available data during the period 1978-93 for studying the epidemiology of the syndrome, some results may vary depending on the time point for incorporation of the contributing counties. Specific study populations, in which data were continuously registered for 12 counties during 1978-93 and all counties during 1990-93 were selected for analysing epidemiological features of the syndrome. This strategy might be required for comparability of populations in the investigation regarding time trends and spatial variation, because the records of cases of Guillain-Barre syndrome would then be generated by a population relatively homogeneous across space and time. Population data on 1 January for each year and each contributing county were obtained from annual reports produced by Statistics Sweden.
INCIDENCE
The incidence counts for Guillain-Barre syndrome were based on the admission date of the first hospital stay with the diagnosis at discharge during the period 1978-93 for a patient, disregarding the duration between successive hospital stays. Table 1 specifies the numerical data for years and counties contributing to the incidence counts. Twenty three cases admitted to hospital for the first time with Guillain-Barre syndrome diagnosis before 1 January 1978 and 66 cases from counties with incompletely registered data in certain years were discarded. Incidence rates of age adjusted Guillain-Barre syndrome were calculated using as a standard the European population. Particular efforts were made to identify a possible bimodality of incidence by age and the specific features previously described in studies in southwest Stockholm8 9 and Stockholm County."' TIME TRENDS
The variation of annual incidence during the period 1978-93 was studied from age adjusted rates of Guillain-Barre syndrome among the general population, and from age specific groups displaying unimodal distributions of incidence by age corresponding to clinicoepidemiological subgroups described in southwest Stockholm in a prior study9-that is, at ages under 40 and 40 and over. Annual Mantel-Haenszel estimators of relative risks (RRs) were calculated taking as a reference the incidence during the remaining study period. 1"4 This analysis was stratified by age when focusing on the general population. Otherwise, crude RR estimators were calculated. Systematic search of significant temporal aggregation was studied using the Scan test operating on data from 12 counties, for the whole population or two specific age groups (under 40 years and 40 and over), with a one month or three month forwarding moving window.'5 16 Seasonal differences in incidence were studied for specific age groups and the general population from RRs obtained by comparing monthly incidence with incidence ting log linear Poisson models to information from the whole data base available on the Hospital Inpatient Register for years with complete information. To identify possible factors resulting in spatially and temporally restricted higher risks of Guillain-Barre syndrome affecting the general population or specific age groups, particular efforts were performed to study interactions between year, geographical unit, and age. The independent variables year, county or healthcare region, and age group under 40 and 40 and over, coded as dummy, were sequentially introduced in the models and, later on, their corresponding first order interaction factors. Log likelihood ratios were used for testing goodness of fit of different models. The results of this analysis were compared with those from stratified analysis. Specific findings were described separately in detail.
Results Table 1 gives the annual numbers of incident cases of Guillain-Barre syndrome identified in the Hospital Inpatient Register on each county and age adjusted incidence of Guillain-Barre syndrome per 100 000 person-years in Sweden during 1978-93. For the period 1978-93, information on 1634 cases was consecutively obtained for 12 counties. The total number of cases for all counties was 2257. The number of cases from the whole country during the period 1990-3 was 634. A large variation of the annual number of cases per county was found, reflecting in part the uneven distribution of the population in the country.
The age adjusted annual incidence rates per 100 000 population in Sweden during the period 1978-93 ranged from 1-45 in 1988 to 2-30 in 1978. The age adjusted incidence during the whole period was 1-77 per 100 000 person-years. When the annual incidence rates in counties were examined, high rates (recorded as values over 4-0 per 100 000, and less attributable to random variation than those often found in Gotland with population less than 60 000) were found in Uppsala in 1981 and 1984, and Halland and Vastmanland in 1985. Figure 1 shows the age specific and sex specific incidence rates of Guillain-Barre syndrome in Sweden for the period 1978-93. The lowest rate per 100 000 person-years was 0 74 for those aged under 10 years, and the highest in the 70-74 age-group (5 13 for men and 3*39 for women). A bimodal type of distribution was perceived with peak values for the 20-24 and 70-74 age groups. The age adjusted incidence per 100 000 person-years during the study period was 2-01 in males and 1-54 in females (male/female (MIF) ratio 1.31). Similar patterns for age specific and sex specific incidence rates were seen from data in 12 counties for 1978-93 and in the whole country for the 1990-3 period.
The crude and age adjusted incidence rates for Guillain-Barre syndrome among males and females in Swedish counties and healthcare Figure presented a significantly higher risk (RR 1-31 (95% CI 1-06-1-61) ), and four counties had significantly lower risks (RR 0-60 to 0 77). The variation of the RRs for incidence of different healthcare regions *as not remarkable, but significantly lower RRs were disclosed in healthcare regions 2 (RR 0-87 (95% CI 0-76-0-99)), and 3 (RR 0-84 (95% CI 0 73-0 95)).
When counties were classified into three categories based on age adjusted incidence using equidistant limits, no spatial aggregation patterns were discernible, as seen on the map (fig 2) . The Ohno test did not disclose significant aggregation (P > 0 20). Table 2 gives the RRs for year to year variation in incidence of Guillain-Barre syndrome in the general population and in selected age groups during the period 1978-93, compared with the incidence in the remaining study period. From stratified analysis by age, significantly higher incidence rates were found among the general population in 1978 (RR 1-30 (95% CI 1-10-1-54)) and in 1983 (RR 1-24 (95% CI 1-06-1A40)), and lower rates were found in 1988 (RR 0 75 (95% CI 0-63-0 90)). When analysed separately, the significant excess risks seen in 1978 and 1983 were present in both males and females (data not shown). The analysis for specific age groups disclosed significant excess risk for the year 1978 at ages under 40 and 40 and over, and also for the year 1983 at ages under 40 years, with a modest increase for those at ages 40 and over. Significantly reduced risks were found at ages under 40 in 1993 and at ages 40 and over in 1987. Figure 3 shows the monthly distribution of Guillain-Barre syndrome in the aforementioned 12 counties during the period 1978-93. A distinct pattern is suggested at ages below 40, with a peak in August, and at ages 40 and over, which falls in December and June. A high incidence of Guillain-Barre syndrome at all ages is suggested in autumn. The monthly RRs were highest in August at ages under 40 (RR 1-39 (95% CI 1-08-1-80)), and in October as well as in November (RR 1 14 (95% CI 0-92-1-40)) at ages of 40 and over. Again, among all ages, the RRs peaked in August (RR 1-18 (95% CI 1-00-1.39)). Significant differences were also found for the lowest monthly incidence in June at all ages (RR 0 73) and among those aged 40 and over (RR 0 69). Heterogeneity of monthly distribution of cases of Guillain-Barre syndrome was significant for all ages (P = 0 048), but not for specific age groups.
The search for significant aggregation by time across the whole study period in the general population or specific age groups in the population gave negative results, except for the number of cases during the period JulySeptember in 1983 at ages under 40 (observed 23 cases v average expected 9-17, P = 0 042). When attention was specifically paid to phenomena during high risk years (fig 4) , the most prominent variations in 1978 were found in January and July among those aged 40 and over (16 and 17 Sweden, 1978 and ted before 31 December 1993 and discharged in later months would have been captured in 1994, the incidence in 1993 should have been nd November (12 cases underestimated. We identified cases, in our he young in August (13 series, admitted in a year and discharged after the first admission to hospital in later years ested with goodness of fit during the period 1978-92. The average between (1) age (under annual number of such cases was nine-that ) and sex; (2) healthcare is, 6% of all cases per year. This source of (3) year and age, were error could in part explain the low incidence Lificant. However, a nega-rates registered in 1993 but not the excess 42iang, Cheng, Link, Pedro-Cuesta found in early 1978 as all cases admitted before 1 January 1978 had been excluded.
The years for which significant increases in risk were found in this study were the same as those identified in another study in Stockholm County in 1978 and 1983.11 From the data in table 1 and corresponding incidence rates it would seem that diverse phenomena might underlie those high annual counts. Nevertheless, whereas the increase of Guillain-Barre syndrome in 1978 in Stockholm County was highest for ages under 40 and in autumn, the monthly incidence rates in Sweden peaked in January and July at ages of 40 and over. As age at onset in Guillain-Barre syndrome may be relevant in differentiating clinicoepidemiological subgroups,9 the high incidence of the disease in 1978 due to different factors cannot be excluded. The increase in incidence in 1983 presented in Stockholm County with many cases among the elderly subjects clustered in spring, which fitted well the peak of drug induced Guillain-Barre syndrome reported as secondary to the zimeldine incident in the same period.2223 However, the peak in Sweden in August 1983 in the population aged under 40 years was not seen in Stockholm County and the cases were geographically scattered. Calculated on the basis of the difference in crude incidence rates between 1983 and the whole study period, the excess number of cases of Guillain-Barre syndrome in 1983 over the expected average in Sweden was 36. As only 13 cases of zimeldine induced Guillain-Barre syndrome have been reported, some of them had clinical onset in 1982, 22 23 and depression is more common among elderly people, the data for 1983 suggest that the magnitude of the zimeldine induced Guillain-Barre syndrome epidemic was underestimated or, most likely, that there was an aetiologically different, to date unnoticed, increased incidence of Guillain-Barre syndrome in summer 1983 among young adults.
Recalculation of annual RRs after elimination of the data in 1978 would support the notion that Guillain-Barre syndrome behaves as a similar entity across the country. Seasonality, a bimodal age specific distribution, and those Guillain-Barre syndrome subgroups identified in southwest Stockholm9 occur in the country as a whole. Guillain-Barre syndrome attributed to Campylobacterjejuni infection corresponds to a ubiquitous, severe form.2928 Although Guillain-Barre syndrome preceded by C jejuni infection has been sparsely reported in Sweden, C jejuni is frequent in the country, with peak incidence rates from July to September. 29 We think that the subgroup denoted as H-B, identified in southwest Stockholm9 and characterised by a severe and highly incapacitating form of Guillain-Barre syndrome in the younger patients as well as a greater frequency in autumn, is present in Sweden. This shares traits with Guillain-Barre syndrome preceded by C jejuni infection, such as severity, seasonal variation, and low rate of preceding respiratory infections. Cases of pure motor, severe Guillain-Barre syndrome, found to be linked to C jejuni in The Netherlands were frequent in August. 27 The restriction of this subgroup to ages under 40 in our prior study9 may have resulted from overweighting of age in the classification procedure. Furthermore, C jejuni could be hypothesised as a cause 
